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TITLE 

Dissolvable Downhole Tools. 

cross-reference to related applications 

[0001] None. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

REFERENCE TO A MICROFICHE APPENDIX 
[0003] Not applicable. 

FIELD OF THE INVENTION 
[0004] The present invention relates to dissolvable downhole tools and methods of 

removing such tools from wellbores. More particularly, the present invention relates to downhole 
tools comprising materials that dissolve when exposed to a chemical solution, an ultraviolet light, a 
nuclear source, or a combination thereof, and methods and systems for dissolving such downhole 
tools in situ. 

BACKGROUND OF THE INVENTION 
[0005] A wide variety of downhole tools may be used within a wellbore in connection with 

producing hydrocarbons or reworking a well that extends into a hydrocarbon formation. 
Downhole tools such as frac plugs, bridge plugs, and packers, for example, may be used to seal a 
component against casing along the wellbore wall or to isolate one pressure zone of the formation 
from another. Such downhole tools are well known in the art. 

[0006] After the production or reworking operation is complete, these downhole tools must 

be removed from the wellbore. Tool removal has conventionally been accomplished by complex 
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retrieval operations, or by milling or drilling the tool out of the wellbore mechanically. Thus, 
downhole tools are either retrievable or disposable. Disposable downhole tools have traditionally 
been formed of drillable metal materials such as cast iron, brass and aluminum. To reduce the 
milling or drilling time, the next generation of downhole tools comprises composites and other 
non-metallic materials, such as engineering grade plastics. Nevertheless, milling and drilling 
continues to be a time consuming and expensive operation. Therefore, a need exists for disposable 
downhole tools that are removable without being milled or drilled out of the wellbore, and for 
methods of removing disposable downhole tools without tripping a significant quantity of 
equipment into the wellbore. 

SUMMARY OF THE INVENTION 
[0007] The present invention relates to a disposable downhole tool comprising a material 

that dissolves when exposed to a chemical solution, an ultraviolet light, a nuclear source, or a 
combination thereof In an embodiment, the material comprises an epoxy resin, a fiberglass, or a 
combination thereof In another embodiment, the material comprises a fiberglass and a binding 
agent. The material may also be customized to achieve a desired dissolution rate of the tool. In an 
embodiment, the disposable downhole tool further comprises an enclosure for storing a chemical 
solution. The tool may also comprise an activation mechanism for releasing the chemical solution 
from the enclosure, hi various embodiments, the tool comprises a frac plug, a bridge plug, a 
packer, or another type of wellbore zonal isolation device. 

[00081 In another aspect, the present invention relates to a method for performing a 

downhole operation wherein a downhole tool is disposed within a wellbore comprising dissolving 
the tool within the wellbore via a chemical solution, an ultraviolet light, a nuclear source, or a 
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combination thereof. In an embodiment, the chemical solution for dissolving the tool within the 
wellbore comprises a caustic fluid, an acidic fluid, or a combination thereof. The chemical 
solution may also be customized to achieve a desired dissolution rate of the tool. In various 
embodiments, the chemical solution may be applied to the tool before performing the downhole 
operation, during the downhole operation, or after performing the downhole operation. In various 
embodiments, the chemical solution is applied to the tool by dispensing the chemical solution into 
the wellbore; by lowering a frangible object containing the chemical solution into the wellbore and 
breaking the frangible object; by extending a conduit into the wellbore and flowing the chemical 
solution through the conduit onto the tool; or by moving a dart within the wellbore and engaging 
the dart with the tool to release the chemical solution. 

[0009] In yet another aspect, the present invention relates to a system for applying a 

chemical solution to a downhole tool to dissolve the tool within a wellbore. In an embodiment, the 
system fiirther comprises an enclosure for containing the chemical solution. The system may also 
include an activation mechanism for releasing the chemical solution from the enclosure. In various 
embodiments, the activation mechanism may be mechanically operated, hydraulically operated, 
electrically operated, or timer-controlled, or operated via a communication means. In various 
embodiments, the enclosure is disposed on the tool, lowered to the tool on a slick line, or dropped 
into the wellbore to engage the tool. In an embodiment, the system further comprises a conduit 
extending into the wellbore to apply the chemical solution onto the tool. 
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BRIEF SUMMARY OF THE DRAWINGS 
[0010] Figure 1 is a schematic, cross-sectional view of an exemplary operating 

environment depicting a dissolvable downhole tool being lowered into a wellbore extending into a 
subterranean hydrocarbon formation; 

[0011] Figure 2 is an enlarged side view, partially in cross section, of an embodiment of a 

dissolvable downhole tool comprising a frac plug being lowered into a wellbore; 

[0012] Figure 3 is an enlarged cross-sectional side view of a wellbore having a 

representative dissolvable downhole tool with an optional enclosure installed therein; 

[0013] Figure 4A is an enlarged cross-sectional side view of a wellbore with a dissolvable 

downhole tool installed therein and with a pumpable dart moving in the wellbore toward the tool; 

[0014] Figure 4B is an enlarged cross-sectional side view of a wellbore with a dissolvable 

downhole tool installed therein and with a gravity dart moving in the wellbore toward the tool; 

[0015] Figure 5 is an enlarged cioss-sectional side view of a wellbore with a dissolvable 

downhole tool installed therein and with a line lowering a frangible object containing chemical 

solution towards the tool; and 

[0016] Figure 6 is an enlarged cross-sectional side view of a wellbore with a dissolvable 

downhole tool mstalled therein and with a conduit extending towards the tool to dispense chemical 
solution. 

DETAILED DESCRIPTION 
[0017] Figure 1 schematically depicts an exemplary operating environment for a 

dissolvable downhole tool 100. As depicted, a drilling rig 1 10 is positioned on the earth's surface 
105 and extends over and around a wellbore 120 that penetrates a subterranean formation F for the 
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purpose of recovering hydrocarbons. At least the upper portion of the wellbore 120 may be Uned 
with casing 125 that is cemented 127 into position against the formation F in a conventional 
manner. The drilling rig 1 10 includes a derrick 1 12 with a rig floor 114 through which a cable 
1 18, such as a wireline, jomted pipe, or coiled tubing, for example, extends downwardly from the 
drilling rig 1 10 into the wellbore 120. The cable 118 suspends an exemplary dissolvable downhole 
tool 100, which may comprise a frac plug, a bridge plug, a packer, or another type of wellbore 
zonal isolation device, for example, as it is being lowered to a predetermined depth within the 
wellbore 120 to perform a specific operation. The drilling rig 110 is conventional and therefore 
includes a motor driven winch and other associated equipment for extending the cable 1 1 8 into the 
wellbore 120 to position the tool 100 at the desired depth. 

[00181 While the exemplary operating environment depicted in Figure 1 refers to a 

stationary drilling rig 110 for lowering and setting the dissolvable downhole tool 100 within the 
wellbore 120, one of ordinary skill in the art will readily appreciate that mobile workover rigs, well 
servicing units, and the like, could also be used to lower the tool 100 into the wellbore 120. 
[0019] The dissolvable downhole tool 100 may take a variety of different forms. In an 

embodiment, the tool 100 comprises a plug that is used in a well stimulation/fracturing operation, 
commonly known as a "frac plug." Figure 2 depicts an exemplary dissolvable frac plug, generally 
designated as 200, as it is being lowered into a wellbore. The frac plug 200 comprises an 
elongated tubular body member 210 with an axial flowbore 205 extending therethrough. A cage 
220 is formed at the upper end of the body member 210 for retaining a ball 225 that acts as a one- 
way check valve. In particular, the ball 225 seals off the flowbore 205 to prevent flow 
downwardly therethrough, but permits flow upwardly through the flowbore 205. A packer element 
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assembly 230, which may comprise an upper sealing element 232, a center sealing element 234, 
and a lower sealing element 236, extends around the body member 210. One or more slips 240 are 
mounted around the body member 210 below the packer assembly 230. The slips 240 are guided 
by a mechanical slip body 245. A tapered shoe 250 is provided at the lower end of the body 
member 210 for guiding and protecting the frac plug 200 as it is lowered into the wellbore 120. An 
optional enclosure 275 for storing a chemical solution may also be mounted on the body member 
210 or may be formed integrally therein. In an embodiment, the enclosure 275 is formed of a 
frangible material. 

[00201 At least some of the components comprising the frac plug 200 are formed from 

materials that dissolve when exposed to a chemical solution, an ulfraviolet light, a nuclear source, 
or a combination thereof. These components may be formed of any dissolvable material that is 
suitable for service in a downhole environment and that provides adequate sfrength to enable 
proper operation of the plug 200. By way of example only, one such material is an epoxy resin 
that dissolves when exposed to a caustic fluid. Another such material is a fiberglass that dissolves 
when exposed to an acid. Still another such material is a binding agent, such as an epoxy resin, for 
example, with glass reinforcement that dissolves when exposed to a chemical solution of caustic 
fluid or acidic fluid. Any of these exemplary materials could also degrade when exposed to an 
ultraviolet light or a nuclear source. Thus, the materials may dissolve from exposure to a chemical 
solution, or from exposure to an ultraviolet light or a nuclear source, or by a combination thereof 
The particular material matrix used to form the dissolvable components of the frac plug 200 are 
customizable for operation in a particular pressure and temperature range, or to confrol the 
dissolution rate of the plug 200 when exposed to a chemical solution, an ultraviolet light, a nuclear 
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source, or a combination thereof. Thus, a dissolvable frac plug 200 may operate as a 30-minute 
plug, a three-hour plug, or a three-day plug, for example, or any other timeframe desired by the 
operator. Alternatively, the chemical solution may be customized, and/or operating parameters of 
the ultraviolet light source or nuclear source may be altered, to control the dissolution rate of the 
plug comprising a certain material matrix. 

[0021] In operation, the frac plug 200 of Figure 2 may be used in a well 

stimulation/fracturing operation to isolate the zone of the formation F below the plug 200. 
Referring now to Figure 3, the frac plug 200 is shown disposed between producing zone A and 
producing zone B in the formation F. In a conventional well stimulation/fracturing operation, 
before setting the frac plug 200 to isolate zone A from zone B, a plurality of perforations 300 are 
made by a perforating tool (not shown) through the casing 125 and cement 127 to extend into 
producing zone A. Then a well stimulation fluid is introduced into the wellbore 120, such as by 
lowering a tool (not shown) into the wellbore 120 for discharging the fluid at a relatively high 
pressure or by pumping the fluid directly from the drilling rig 1 10 into the wellbore 120. 'The well 
stimulation fluid passes through the perforations 300 into producing zone A of the formation F for 
stimulating the recovery of fluids in the form of oil and gas containing hydrocarbons. These 
production fluids pass from zone A, through the perforations 300, and up the wellbore 120 for 
recovery at the drilling rig 1 10. 

[0022] The frac plug 200 is then lowered by the cable 11 8 to the desired depth within the 

wellbore 120, and the packer element assembly 230 is set against the casing 125 in a conventional 
manner, thereby isolating zone A as depicted in Figure 3. Due to the design of the firac plug 200, 
the ball 225 within cage 220 will unseal the flowbore 205, such as by unseating from the upper 
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surface 207 of the flowbore 205, for example, to allow fluid from isolated zone A to flow upwardly 
through the frac plug 200. However, the ball 225 will seal off the flowbore 205, such as by seating 
against the upper surface 207 of the flowbore 205, for example, to prevent flow downwardly into 
the isolated zone A. Accordingly, the production fluids from zone A continue to pass through the 
perforations 300, into the wellbore 120, and upwardly through the flowbore 205 of the frac plug 
200, before flowing into the wellbore 120 above the frac plug 200 for recovery at the rig 1 10. 
[0023) After the frac plug 200 is set into position as shown in Figure 3, a second set of 

perforations 310 may then be formed through the casing 125 and cement 127 adjacent intermediate 
producing zone B of the formation F. Zone B is then treated with well stimulation fluid, causing 
the recovered fluids from zone B to pass through the perforations 310 into the wellbore 120. In 
this area of the wellbore 120 above the frac plug 200, the recovered fluids from zone B will mix 
with the recovered fluids from zone A before flowing upwardly within the wellbore 120 for 
recovery at the drilling rig 1 10. 

[0024] If additional well stimulation/fracturing operations will be performed, such as 

recovering hydrocarbons from zone C, additional frac plugs 200 may be installed within the 
wellbore 120 to isolate each zone of the formation F. Each frac plug 200 allows fluid to flow 
upwardly therethrough from the lowermost zone A to the uppermost zone C of the formation F, but 
pressurized fluid cannot flow downwardly through the frac plug 200. 

[0025] After the fluid recovery operations are complete, the frac plug 200 must be 

removed from the wellbore 120. In this context, as stated above, at least some of the components 
of the frac plug 200 are dissolvable when exposed to a chemical solution, an ultraviolet light, a 
nuclear source, or a combination thereof, thereby eliminating the need to mill or drill the frac plug 
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200 out of the wellbore 120. Thus, by exposing the frac plug 200 to a chemical solution, an 
ultraviolet light, a nuclear source, or a combination thereof, at least some of its components will 
dissolve, causing the frac plug 200 to release from the casing 125, and the undissolved components 
of the plug 200 to fall to the bottom of the wellbore 120. 

[0026] There are a great variety of methods and systems for applying a chemical solution 

to the frac plug 200. The chemical solution may be applied before or after the frac plug 200 is 
installed within the wellbore 120. Further, the chemical solution may be applied before, during, or 
after the fluid recovery operations. For those embodiments where the chemical solution is applied 
before or during the fluid recovery operations, the dissolvable material, the chemical solution, or 
both may be customized to ensure that the frac plug 200 dissolves over time while remaining intact 
during its intended service. 

[0027] The chemical solution may be applied by means internal to or external to the frac 

plug 200. In an embodiment, an optional enclosure 275 is provided on the frac plug 200 for storing 
the chemical solution 290 as depicted in Figure 3. An activation mechanism (not shown), such as a 
slideable valve, for example, may be provided to release the chemical solution 290 from the 
optional enclosure 275 onto the frac plug 200. This activation mechanism may be timer-controlled 
or operated mechanically, hydrauUcally, electrically, or via communication means, such as a 
wireless signal, for example. This embodiment would be advantageous for fluid recovery 
operations using more than one frac plug 200, since the activation mechanism for each plug 200 
could be actuated as desired to release the chemical solution 290 from the enclosure 275 and 
dissolve each plug 200 at the appropriate time with respect to the fluid recovery operations. 
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[0028] As depicted in Figure 4A, in another embodiment, a pumpable dart 400 releases the 

chemical solution 290 onto the frac plug 200. As depicted, the pumpable dart 400 engages and 
seals against the casing 125 within the wellbore 120. Therefore, fluid must be pumped into the 
wellbore 120 behind the pumpable dart 400 to force the dart 400 to move within the wellbore 120. 
In one embodiment, the optional enclosure 275 on the frac plug 200 is positioned above the cage 
220 on the uppermost end of the frac plug 200, and the pumpable dart 400 is moved by fluid 
pressure within the wellbore 120 to engage the enclosure 275. In an embodiment, the pumpable 
dart 400 actuates the activation mechanism to mechanically release the chemical solution from the 
enclosure 275 onto the frac plug 200. hi another embodiment, the optional enclosure 275 is 
frangible, and the pumpable dart 400 engages the enclosure 275 with enough force to break it, 
thereby releasing the chemical solution onto the frac plug 200. In yet another embodiment, the 
chemical solution is stored within the pumpable dart 400, which is frangible. In this embodiment, 
the pumpable dart 400 is moved by fluid pressure within the wellbore 120 and engages the frac 
plug 200 with enough force to break the dart 400, thereby releasing the chemical solution onto the 
plug 200. 

[0029] As depicted in Figure 4B, in another embodiment, a gravity dart 450 may be used 

to release the chemical solution 290 onto the frac plug 200. Unlike the pumpable dart 400, the 
gravity dart 450 does not engage or seal against the casing 125 within the wellbore 120, and fluid 
flow is not required to move the dart 450 within the wellbore 120. Instead, the gravity dart 450 
moves by free falling within the wellbore 120. The various embodiments and methods of using a 
pumpable dart 400 to release the chemical solution 290 onto the frac plug 200, as described above, 
apply also to the gravity dart 450. 
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[0030] Referring now to Figure 5, in another embodiment, a slick line 500 may be used to 

lower a container 510 filled with chemical solution 290 adjacent the frac plug 200 to release the 
chemical solution 290 onto the plug 200. In an embodiment, the container 510 is frangible and is 
broken upon engagement with the frac plug 200 to release the chemical solution 290 onto the plug 
200. In various other embodiments, the chemical solution 290 may be released from the container 
510 via a timer-controlled operation, a mechanical operation, a hydraulic operation, an electrical 
operation, or via a communication means, such as a wireless signal, for example. 
[0031] In another aspect, rather than using the slick line 500 of Figure 5 to lower a 

container 510 filled with chemical solution 290, the sUck line 500 may be used instead to lower an 
ultraviolet light source (not shown) or a nuclear source (not shown) in the vicmity of the frac plug 
200. Exposure to one of these sources will dissolve at least some components of the frac plug 200, 
thereby causing the frac plug 200 to release fix)m the casing 125, and the undissolved components 
of the plug 200 to fall to the bottom of the wellbore 120. In an embodiment, the frac plug 200 may 
also be exposed to a chemical solution 290 in addition to exposing the plug 200 to an ultraviolet 
light or nuclear source. 

[0032] Figure 6 depicts another embodiment of a system for applying a chemical solution 

290 to the frac plug 200 comprising a conduit 600, such as a coiled tubing or work string, that 
extends into the wellbore 120 to a depth where the terminal end 610 of the conduit 600 is adjacent 
the chemical solution 290 onto the frac plug 200. Chemical solution 290 may then flow 
downwardly through the conduit 600 to spot the frac plug 200. Alternatively, if the chemical 
solution 290 is more dense than the other fluids in the wellbore 120, the chemical solution 290 
could be dispensed by injecting it directly into the wellbore 120 at the drilling rig 110 to flow 
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downwardly to the frac plug 200 without using conduit 600. In another embodiment, the chemical 
solution 290 may be dispensed into the wellbore 120 during fluid recovery operations, such that the 
frac plug 200 starts to dissolve over time during its service. In a preferred embodiment, the fluid 
that is circulated into the wellbore 120 during the downhole operation comprises the chemical 
solution 290 required to dissolve the frac plug 200, or any other type of dissolvable downhole tool 
100. 

[00331 Removing a dissolvable downhole tool 100, such as the frac plug 200 described 

above, from the wellbore 120 is more cost effective and less time consuming than removing 
conventional downhole tools, which requires making one or more trips into the wellbore 120 with 
a mill or drill to gradually grind or cut the tool away. The foregoing descriptions of specific 
embodiments of the dissolvable tool 100, and the systems and methods for removing the 
dissolvable tool 100 from the wellbore 120 have been presented for purposes of illustration and 
description and are not intended to be exhaustive or to limit the invention to the precise forms 
disclosed. Obviously many other modifications and variations are possible. In particular, the type 
of dissolvable downhole tool 100, or the particular components that make up the downhole tool 
100 could be varied. For example, instead of a frac plug 200, the dissolvable downhole tool 100 
could comprise a bridge plug, which is designed to seal the wellbore 120 and isolate the zones 
above and below the bridge plug, allowing no fluid communication in either direction. 
Alternatively, the dissolvable downhole tool 100 could comprise a packer that includes a shiftable 
valve such that the packer may perform like a bridge plug to isolate two formation zones, or the 
shiftable valve may be opened to enable fluid communication therethrough. 
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[0034] While various embodiments of the invention have been shown and described 

herein, modifications may be made by one skilled in the art without departing from the spirit and 
the teachings of the invention. The embodiments described here are exemplary only, and are not 
intended to be limiting. Many variations, combinations, and modifications of the invention 
disclosed herein are possible and are within the scope of the invention. Accordingly, the scope of 
protection is not limited by the description set out above, but is defined by the claims which 
follow, that scope including all equivalents of the subject matter of the claims. 
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